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NATIoNAL ADvlsoHp c-c- FORAEE#mUTES

II!4 534-WF~22 TURBOJET ENGIt03

BgHarryW.Doman and George G. Younger

As part of en investigation of the perfomance ofrn-F-58  fuel
in various types of tlxrbojet engine, the performanc8OfthiElfUd
in a 3000~pound-thrust turbojet engine.has been investigated in en
altitude test chamber together with the caaparative  pfcfoxmanc8 of
6%octane gasoline.

The investigation of normaL engine wrfomenc8, which covered
a range of engine speeds at altitudes Fraan 5000 to 50,000 feet and
fU.ghtMmhnumbers  w to 1.00,showedtha.tboththenetthrustand
average turbine-outlet tmxp8ratures were approximately th8 same
for both fuels. The specific fuel canauqtion and. the ccmibustion
efficiency at the msx%mm engine speeds Znvestigatid were approxf-
matsly the same for both fuels at altLtudes up to 35,OOC feet, but
at an altitude of 50,000 feet the specific fuel cons~tionwas about
9 percent higher end the combustion efficiency was corresponUngly
lowerwLththe Am-F-58  fuelthantith gasoline. The law-engine-
s-peed blm-out limits were about the seme for both fuels. Ignition
of AX-F-58 fuel with the standard spark plug was possible only with
the spaxk plug in a clean condition; ignitionwas Tr@ossible at all
flight conditions investigated when the plug was fouled by an
accxmulation of Uquid fuel frcm a srecedlng false start. Use of
an extended-electrode spexk plug provided satisfactory ignition
overaslightl;gsmsUerrmge  ofaltitudas andfl.ightMachnmibers
than for gasoline with the standard spark PUS-

Radial. t8qerature gradients at the turbine otilet were about
the sane for both fuels at an altitude of 20,000 feet. At an alti-
tude of SO#OO feet, the difference in average weratum between
the blade tip andtherootwas  about 240°Fgreater form-F-58 fuel
thanfor gasoline andthe apreadbetweenthe maxirnumandminimm
tmp8ratUr88 at a given radial. locationwas f&m 150° to 300° F
less form-F-58 f'uel than for gasoline. Af'ter 30 hours and 11 min-
utes of operationwithM'T-F-58  fuel, 240 grame of hard carbon
d8zosLts were built up on the ccmbustor basket near the fuel noZzle8.



2 NACA RM No. E6LlOa

The need Of the armed fOrC8S for a fIl81 for turbo jet engines
that Would be available in g3Xater qUIItiti8S than thoS8 noW fn use
has led to the consideratia of a new fuel specification, m-F-58,
which has much Wider limits than the specifications of current
turbo jet fuels. An extensive program to determine the suitability
of fuel conforming to the AN-B-58 specification is being conducted
at the NACA Lewis laboratory on several types of turbojet engine
and combustor.

As part; Of t$Iis general prOgram, the peX'f-8 of AH-F-58 fuel
was tiVeStigkIt8d  durbg August and S8ptaTDb8r 1948 in a 30oo-pOund-
thrust turbojet 8ngine in an altitude t8St chamber and the results are
reported. This inV8StiejatiOIl  included, for comprison, the p8Z'fOm-
Anne of the engine with 620octaxm gasoline. Tb8IlO~lp8rfOrnaSnC8af
the angine was investigated  over a range of auglns Speeds at altitudes
frcm 5000 to 50,ooO feet and far flight &oh nIZ?Ib8rS from 0.22 to 1.00.
The low-engine-epeed blow-out limits, the altitude starting limits,
and the turbine-outlet gas-temperature gradients for both fuels were
determined at several 8imulated flight conditions. The use of
AN-F-58 fuel for cold-Weather starts at zero-ram, sea-level con&L-
tions and the amolLflt of carbon deposited in the co&U&or with this
fu81 were also iw88tigat8d.

.

!kc types of fuel mmforming  to the AN-F-58 specification were
used in th8 inVeE!tigatiOn. These two fuels are designated NACA
numbers 46-206 and 48-210 and the analysis of each, with the AN-F-58
specifications, is given in table I, The gasolfIle that was used for
comparative performance data was a clear, 62-octane gasoline and its
ansl.ysis  is also included in table I.

APPARATUS AID INSEUMEmmION

3h8 inV88tigatiOllS Wel?8 Conducted with a modified eXp8rtientFIl aode1
of the J34 engLne  and a J34-WE-22 engine (hereinafter d8sLgnated engine A
and 8ngIne B, r8SpeCtivel.y)  having a rated speed of 12,500 rpn and a
thrustrsting  of 3000 pound6 at zmrezu, eea-l8velccmditions.  Th8mati
COmmeIlts of the 8Ilgines include an Il-Stage axial-flow CvBSSOr, a
double-annulus  combuetor, and a two-Stag8 turbine. The tw0 e11gin8S were
simflar la general design and d!f%red only in minor details; both
engines incorporated the manufacturer~s recent modifiCationS to the com-
bti&or  basket and the eleventh-stage compo?86sor  blading. The ccanbustor
basket ha8 3/32-inoh  anticokIng holes on both the inner and outer ringa.
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B8CaUS8 of fEquent failures of the ptnq! and the governor assembly in
the f~8lsyskm, this ass&blgwasYeplacedbya standmdJ33 fuel
ptmQ,throttl8,and-tric CorLfirol.

In the interest of eqediency, en existing setup, which incor-
porated an afterburner, was used for all performance runs conducted
with engin A. Th8 afterburner was inoperative for all investiga-
tions reported herein and functioned merely as an engtie tail pipe.
The adjustable nozzle of this afterburner was fixed in a posit-lon
that provided approxfmately limiting turbine-inlet gas temperature
at maxUum rated speed, zero-ram, sea-level conditions and was held
locked in this position throughout the investigation. IEngIne B,
which replaced 8-e A after a turbine failure, was equipped with
a nOnaft8rburnfng  tail pipe and an NACA adjustable-area nozzle.
The adjustable-area nozzle of this engine was also locked in posi-
tion to provide approximately 1Fmfting turbine-inlet gas t8mpera-
ture at zero-mm, sea-level conditions.

The general arrangament of the 8ngine setup in the altitude
test chamber is shown in figures 1 and 2. The test chsztlber is
10 feet in diameter and 57 feet long and includes air-inlet and
exhaust-outlet piping, an inlet-air honeyco&, blow-out patches,
cooling-air duct, and necessary instrumentatiOn bulkheads. The
engine is munted on a thrust stand and is flexibly connected to
a forward baffle (fig. 2), which confines the air flow to the
engine inlet and provides a means of mafntatiine; a pressure dif-
ference across the engine. A rear baffle is installed around the
8ngine tail pipe to serve as a heat bsrrfer and to prevant recir-
culation of exhaust gases around the engine. The engine thrust is
balanced and measured through a lever arrangement by a null-me
air-pressure diaphragm. The forces introduced into the thrust-
measurfng system by the pressure differences across the two baffles
were deter&ned by calibration.

For the investigation of the ignition characteristics of the
engine, three different spark plugs, whichare showninfigure  3,
were used. The spark plug shown in figure 3(a) is a s"tandard
spark plug for the J34 engine and that shown in figure 3(b) is a
standard plug that was modified by mill- longitudinal slots Tn
the outer electrode shell to allow fuel drainage. The spark plug
shown in figure 3(c) is an extended-electrode type, which was fabrf-
cated at this laboratory. The sperk gap for this spark plugwas
from 0.090 to 0.100 inch. The standard 8Q3in8 imtion system,
which incorporates two high-tension cofls, was used with all three
spark plugs.

Air flow, fuel flow, engine speed, and teIqerature and pres-
sure measurements at various stations in the engine and test
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chamber were measured with standard instrumentation. The instru-
mentation for the measurement of turbine-outlet gas temperakures
consisted of three rakes of nine unshielded, chromel-alum&  thermo-
C~~$lee  each installed about 2$ Inches downsIzeem of the turbine
outlet.

The turbine-inlet gas-temperature limits of the engine were
obtained from readings of thermocouples installed at the turbine
outlet by the engine manufacturer. The thermocouples were cal-
ibrated in conformance with the engine manufacturer's specificatians.

The values of combustion efficiency presented are defined as
the ratio of the actual enthalpg rfse of the gases in passing
through the enghe diveded by the theoretical enthalpy rise, when
complete combustion of the fuel is assumed. The enthalpy of the
inlet-air and the exhaust gases were determined from the measured
compressor-inlet temperature and the turbine-outlet gas tempera-
ture with the aid of thermodynamic charts.

DATA CORRECTIOmS

All data were corrected by the following factors:

8 = static pressure at engine discharge, (lb/sg ti.)
14.7

6 = static tmerature at engine inlet,
519

The corrected performance parameters are:

F,/6 corrected net thrust, (lb)

f&D ecific fuel consumption based on net thrust,
"";;$$b net thrust)

N/D corrected ee speed, (rpm)

T5/Q corrected tail-pipe gas temperature, (OR)

Wfb fi corrected fuel flow, (lb/set)
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PROCEDUREANDRES-LJLTS

Altitude Performance with AN-F-58 Fuel

The altitude performance of en&m A us- Am-F-58 fuel (NAGA
fuel numbers 48-206 and 48-210) was investigated and found satis-
factory over a range of altitudes from 5000 to 50,000 feet at
flight kch nu&ers from 0.25 to 0.85. Ebgine-inlet pressures and
temperatures were maintafned  at values corresponding to XACA stand-
ard air at simulated fl.fght conditions and standard NACA altitude
pressure was maintained at the engine outlet. The recorded and
corrected values of engfne net thrust, specific fuel consumption,
tail-pipe gas temperature, and fuel flow for the rsnge of engine
speeds and flight cotitions investigated, as well as the fuel
used, are presented in table II. Althoughan engine failure during
the investigation prevented the determination of comparative per-
formance data on the same engine tith gasoline, these data illus-
trate the range of cotitions over which the er@ne satisfactorily
operated tith AN-F-58 fuel. At altitudes of 45,000 and 50,000 feet,
the maximum operable en@ne speed was Limited to the values hdi-
cated in table II by excessive tail-pipe gas temperatures, which
were believed to be partly caused by burnWg of fuel tbrou& the
turbine.

Engine starts during this investigation of altitude perf'orm-
ence of the engine were unusually hot and accompanied by longer
time intervals.between the introduction of the fuel and the start
of combustion than usually eqerienced  with gasoline. This diffl-
culty was belfeved to be caused by operational technique rather
than the characteristics of the fuel and was not a&n encountered
in the tivestigation,

Comparison of Altttude Performsnce

with AN-F-58 Fuel and Gasoltie

The performance with AN-F-58 fuel and with gasoline, for cm-
psrative purposest  was determfned in engine B. This investigation
was conducted withAN-F-58 fuel (NCICA fuel rnxnber 46-210) for a
range of engine speeds frcu~ 9000 to 12,500 rpm and at the various
simulated flight conditions listed in the follow- table:

Altitude Flight Mach
(ft. 1 nu&er

5,ooo 0
20,000 -60, .85,1,00
=,m 1.00
50,00rT ; "-*.85
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Comparisons of the corrected values of net thrust, tail-pipe
gas t8mperstur8, specific fuel conwmption based on net thrust, and
combustion efficiency for the two fuels are presented at the various
flight conditions in figures 4, 5, 6, and 7, respectively. At all
flight conditions investiga-kd, the corrected net thrust and cor-
rected tail-pipe gas temperature w8re approximately the same for the
two fuels, as shown in figures 4 and 5, respectively.

The specific-fuel-consumption curves presented in figure 6
were obtained from the faired curves of correctednetthrustand
corrected fuel flow for each flight condition. The data are pre-
sented in this manner to eliminate the effect of scatter on the
specific-fuel-consun@ion C~S. At an altitude of 5060 feet, the
corrected specific fuel consumption is approximately the same for
both fuels (fig. 6(a)). For an altitude of 20,ooO feet and a flight
Mach nuniber of 0.60, the specific fuel conslnqption based on net
thrust is slight4 greater for AN-F-58 fuel than for gasoline over
the range of engine speeds investigated (fig. 6(b)). At flight
Mach numbers of 0.65 snd 1.00 snd sn altitude of 20,OOC feet, the
specific fuel consumption for the two fuels is approximately the
same at all 8ngine speeds (figs. 6(c) and 6(d)). The heating
value of AN-F-58 fuel is approximately 1 percent lower than that
of gasoline (table I) and thus introduces a corresponding differ-
ence in the specipic fuel consumption.

The 'corrected specific fuel conslarrption at an altitude of
35,OCC feet and a flight Mach number of 1.00 is shown to be slight4
higher for AN-F-58 Fuel than for gasoline at all engine speeds
(fig. 6(e)). At an altitude of 50,000 feet and a flight Mach num-
ber of 0.85, the corrected specific fuel canslnnption with AK-F-58
fuel is considerably~~rthanvlth~solineatthelawerngine
speeds sndslightlygreater  athighengine speeds, as shownin
figure 6(f). At thie same altitude for the maximum operable engine
speed, the specific fuel consumption for AN-F-58 fuel was about
9 p8rtxmthigh8r  than for gasoline.

The cc&u&ion efficiency, which is presented in figure 7, is
approximately the same for both fuels at an altitude of So00 feet
(fig. 7(a)). At an altitude of 20,OCO feet, the combustion effi-
cienoy is slightly lawer for AN-F-58 fuel than for gasoline at
flight Mach nur&ers of 0.60 and 0.65 (figs. 7(b) and 7(c), respec-
tively) and slightly higher at a flitit Mach number of 1.00
(fig. 7(d)) over the s&ire range of engine speeds iwestigated.
Although the trend of the coinbustion-efficiency curves for the
twofu8lswithflightMachnu&eris  similartothetr& of the
specific-fuel-consumption curves, some differences 8xist in the
p8rc8ntag8ofchangeinth8p8rformanc e with the two fuels and
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in the changes with 8ngin8 speed. The conibustion efficiency at an
altitude of 35,000 feet and a Mach nxmiber of 1.00 (fig. 7(e)) is
slightly higher for gasolins than for AX-F-58 over the entire range
of engine spe8ds, altho~ghthe difference fs smsllatthemaximum
&Id-angine SpWdS. The combustion 8ffiCieXLCy at an alti-
tude of 50,000 feet and a fligbk Mach xnn&ar of 0.85 (fig. 7(f)) is
considerably low8r with AN-F-58 fuel than for gasoline over the
entire range of 8ngine speeds investigated. The difference fn com-
bustion efficiency at maxhumengine speedforthe two fuels is
about the 8Efms a8 the differences in specific fuel consumptfon pre-
viously noted.

Low-Engine-Speed Blow-Out with AN-F-58 Fuel and Gasoline

The conditions at which Combustion blow-out occurred w8re
determInedbygraduallyreducing  the engine 8peedwhileholdWg
the tititIZd8 andflight MaChn12&18r COnditionS COnStaI% while
the engins speed was being reduced, att8qpts were occasionally
mad8 to accelerate the engine in order to a8sxn-e that dead-band
operation was not being ancountered.  The occxrrence of Combustor
blow-out was noted by a rapid reduction In engine speed and tail-
pipe gas teqperature. These blow-out experiments  w8re Conducted
with AR-F-58 fuel. (l'WJA fuel rnn6ber 48-210) in engine A and, for
cmarison, with gasoline in engine B. The two different 8ngIn88
used for this investigation might result in different normal per-
fO??I?.WlC8 for th8 two fIl81S but no signifiCs?& differ8nCe is
expected in the altitude blow-out limits because both 8ngines
were of the same basic design.

The altitude blow-out limits of both fuels are presented in
figure 8 in which the altitude is plotted against the engine speed
at-which blow-out occufwd for flight Mach ntmibers of 0.25 and
0.60. Th8 altitude blow-Out limits Of the two fI.leti aZ?8 the Same
at a flight&chnuniber  of 0.60, For a flight MaCh nxmiber of 0.25
at altitudes above 42,500 feet, alower engine speedcouldbe
attained before blow-out occurred with AX-F-58 fuel thsn with
gasoline. For the altitudes investigated below 42,500 feet, the
opposite results were obtained. The dzEferenc88  in the altitude
limits are gen8rally within the normal r8&oducabilfty of this
type of data; fromthe limitedrange of these data,no significant
differenc86  in altitude limits for the two fu8l.S could therefore
be established.
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Altitude Starting Charact8ristics

.

.

The altitude starting characteristics of AN-F-58 f%81 were
investigated with NACA fuel 48-210 In engine A and, for CompariSOn,
with gasoline in emgim B. The procedure used to start the en&n8
consisted in obtaining the windmilling speed of the mgine at the
particular flight conditions, turning m the iepition, and advanc-
ing the fuel throttle. The ignitionandthe fuelflowmremain-
tained for a period of 30 seconds before the attempted start was
considered unsatisfactory. At each flight condition iwestigated,
a series of three attempts was made before starts,at the particular
COnditiOn were considered impossible. If ignltionof thefuelwas
obtained at windmilling speed, an att8nrpt was also mad8 to accel-
erate the 8ngin8. Inrmediately  after igoltion, the pressure in the
exhaust 8nd of the test chamber incr8ased  from 4 to 10 Inches of
mercury and this pressure surg8 pr8V8nt8d these 8xperimnts frorm
being a true sinrulation  of flight conditions. The altitude pres-
sure was restored to its correct value in about 10 seconds and the
engine was accelerated after the comgct conditions had become
stabilized.

The first spark plug used ti the starting 848riments was
the standard spark plug (fig. 3(a)). The experimental results
with this spark plug are shown In figure 9(a), which includes
data for satisfactory starts, burner ignition without engine acce
eration, and no ignition. The spark plug was cleaned for 8ach
experiment. If an attempted start was unsuccessful, the spark
plug filled tith Fuel, which prevanted satisfactory IgnTtion at
any operating condition. Although starts were obtained at alti-
tudes up to 30,000 feet at low flight Mach nmitmrs (fig. S(a)),
practically the use of the standard spark plug would not provide
satiefactory  engine starting at any flight condition.

The second spark plug used was the modified spark plug
(fig. 3(b)). Several attqts to start the esginetiththis
sparkplug atsnaltitude  of 8000 fee-Land& fllghtMachnMb8r
of 0.30 were unsuccessful and Further use of this spark plug W&B
therefore discontinued.

*The thirdsparkplugumdwas the 8xt8nded-electrodetgpe
(fig. 3(c)). Results of starting qeriments with this spark
plug are presented in figure 9(b). For all these experiments,
the sparkplugwas usedwithoutcleaningb8tween rum. Wing
the experiment in the region of unsatisfactory starts, occasional
starts were ma&3 at satisfactory starting conditions to assure
that the ignition system was functioning properly. These data
are insufficient to establish deftiitely the boundaries of the

l-
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f@rLtionlimIts  andthe area6 infigure 9(b) thatseparatethe
region6 of successful and unsuccessful ,attempts are drawn primar%ly
for ease of interpreting  the data. At 30,000 feet, successful
starts couldbe made only at a flight Machnumber of 0.40, whereas
at altitudes from sea level to 10,000 feet starts were successful
at flight Hach m&era from 0 to 0.50. There6ultsofthr3starting
characteristics of ga6oline, which were investigated with the
stardard spark plug, 6x8 presented in figure 9(c) in a similar
manner to that used in figure S(b) for AR-F-58 fuel. The dashed
lines for starting limits of the AN-F-58 fuel from figure 9(b) are
also included for comparison. For flight Mach numbers below 0.50,
the altitude startinglimitfor ga6olinewas approximately
10,000 feet higher than for Am-F-58 fuel; satisfactory starts were
also obtained over a tider range of flight Mach numbers at low
altitudes for gasoline than for AN-F-58 fuel. Even with the
extended-electrode spark plug, the starting characteristics of
AR-F-58 fu811imre slightly poorer than those of gasoline with the
stsndardsparkplugandfurther  developmantof the spark-plug
deal@ is therefore required to obtain igcxition of AN-F-58 fuel
comparable to that of gasoline in this engine.

i

Cold-Weather, Sea-Level Starting Characteristics

i with AN-F-58 Fuel

Cold-weather starting meriments were simulated at zero-ram,
sea-level conditions with AH-F-58 fuel 48-210 in engine A at
inlet-air tenqeratures  of -30° and -SO0 F. Comparative exgeri-
ments withgasoltiewere  not conducted. For these start- eqer-
iments, the eigine was run from zero speed with the standard crank-
ing Jllotor after it had been previously windmilled  for a sufficient
period of time to bring the tweratures throughout the engine into
equilibrium. Both the fuel and the lubricating oil were sqplied
to the engine from outside tank6 at a temperature of about 70° F
and therefore only the fuel and the oil contained in the engine
parts were at the reduced temperature of the qeriment. At the
conditions of -30' 6nd -50° F, the engine was successfully started
and accelerated an the first attempt. At -SO0 F, however, a delay
of nearly 30 second6 occurred before the fuel ignited and the result-
ing start was very krb.



10 t . bc NACA RM No. E8LlOa

Comparison of Turbine-Outlet-Gas-Temperature Distribution

with AN-F-58 Fuel and Gasoline

The radial te31Tperature distribution at the turbine outlet with
both AN-F-58 fuel and gasoline are shown in figures 10(a) and
10(b) for a flight Mach number of 0.85 and altitudes of 20,000 and
50,OOC feet, respectively. These data were obtained at an engine
speed of approximately 12,025 rpm at an altitude of 20,000 feet
and at approximately 12,050 r-pm at an altitude of 50,OCO feet.
Curves are shown for maximum, average, and minimumter~eratures
with the maximum and minimum temperatures being the highest and
lowest temperatures, respectively, at each radial thermocouple
location and are not necessarily at the same circumferential posi-
tion. For both altitudes, the average turbine-outlet temperatures
for the two fuels are about the same, as previously indicated in
figure 5. At an altitude of 20,000 feet, there is very little dif-
ference in the temperature distribution for the two f'uels. At
50,000 feet, the highest maximum temperature, which occurred near
the blade roots, was about the ssme for both fuels (fig. IO(b)).
The difference in average temperature between the blade tip and
the root, however, was about 240° F greater for AN-F-58 fuel than
for gasoline andthe spreadbetweenthemax%numandminimumtem-
peratures is about 300° F less at the blade roots and about 150° F
less at the blade tips for the AN-F-58 fuel than for gasoline.

Carbon Deposition

The completion of the program with AR-F-58 fuel ti engine A
reqtired about 30 hours and 11 minutes of engine operation after
which time the engins was disassembled for inspection. Hardcar-
bon deposits were built up on the inside of both the inner and
outer annul1 of the combustor  basket near the fuel nozzles to a
height of about l/2 inch. A photograph of these carbon d6pOBitB
is shown in figure 11. The total weight of the carbon deposits
was24Ograms. no serious warpage or other deterioration of the
co&u&or basket was observed. Because engine B uas operated on
both AN-F-58 fuel and gasoline without disassembly for inspection,
no evaluation of carbon deposits formed by gasoline was made; csx-
bon deposits formed by gasoline during other investigations, how-
ever, have been very small or ccqpletely absent.

The exhaust jet from the engine when using AN-F-58 fuel,
which was observed at sea-level conditions, was characterized by
a faint haze very similar to that which usually occurs with gaso-
line. Much heavier csxbon deposits were, however, built up on
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the walls of both the test chauiber and the tailpipe with the
AN-F-58 fuel than were encountered with gasoline. A considerable
amount of liquid fuel wa6 also present on the surfaces of the
tank and in puddles on the bottom of the test chauiber after an
engine shutdown following altitude operation with AK-F-58 fuel.
Similar phenomena were not u6ually observed with gasoline.

The following results were obtained in a comparison of the
altitude performance of AX-F-58 fuel and gasoline in a 3OOO-potmd-
thrust turboJet engine:

1. Satisfactory operation of the engine was obtained with
AN-F-58 fuel over a range of engine speed6 for altitudes from
5000 to 50,000 feet and for flight Uach numbers from 0.25 to 1.00.
At altitudes of 45,000 and 50,000 feet, the maximum operable engine
speed was limited to values less than the rated speedby excessive
tail-pipe gas temperatures.

2.The netthruatandaverage  tail-pipe gas tamperatures were
approximately th6 S6IW for both fuel6 for altitude6 from 5000 to
50,000 feet and flight Mach nmnbers m 0.60 to 1.00. The spe-
cific fuel con6mtion and cc6ubu6tlon efficiency at the m
engine speeds investigated were appXWximELte4 the same for both fuels
at altitudes ny! to 35,000 feet, but at an altitude of 50,ooO feet the
specific fuel con6um&ion  was about 9 percent higher and the ccunbu6tion
efficiency correspondingly lower with the AN-F-58 fuel than with gas-
oline.

3. The low-engine-speed blow-out limits for the two fuels at
a flight Mach number of 0.60 were about the same and differed only
slightly at a flight %ch nu&er of 0.25.

4. Ignition of AH-F-58 fuel with the st6nd6rd spark plug was
possible only with the spark plug in a clean condition; ignition
was impossible at all flight conditions investigated when the plug
was fouled by an accumulation of liquid fuel from a preceding false
start. The u6e of an extended-electrode spark plug with AN-F-58
fuel provided satisfactory ignition over a slightly smaller range
of altitudes and flight Mach numbers than for gasoline with the
standard spark plug. Zero-ram, sea-level starts with m-F-58 fuel
were successful at inlet-air teweratures as low a8 -SO0 F.

5. The radial temperature gradients at the turbine outlet
were about the same with both fuels at 6n altitude of 20,ooO feet;
at an altitude of 50,000 feet, the differance  in the average
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temperature between the blade tip and the root was about 240' F
greater for AN-F-58 fuel than for gasoline and the spread between
the maximum and minimum temperatures at a given radial location
was from 150° to 300' F less for AN-F-58 fuel than for gasoline,
the difference being greatest at the blade-root section.

6. Daring the investigation with AN-F-58 fuel, which involved
an operating time of 30 hours and 11 minutes, about 240 grams of
hard carbonwere found to have been deposited on the combustor
basket near the fuel nozzles.

Lewis Flight Propulsion Laboratory,
National Advisory Cormnittee for Aeronautics,

Cleveland, Ohio.

1. Gooding, Richard M., and Hopkins, Ralph L.: The Determination
of Aromatics in Petroleum Distillates. Paper presented before
Div. Petroleum Chem., Am. Chem. Sot. (Chicago, Ill.),
Sept. 9-13, 1946, pp. 131-141.
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TfYl3IXI- c[EscRIETION OF FagLs USED

B.S.T.M. distillation
D 86-46, 9F
Initial boiling point
Percentage evaporated

5
10
20
30
40
50
60
70
80
so

Finalboilingpoint
Residue, (percent)
Lose, (percent)

Freezing point, OF
hromatics, (percent by

volume >
A.S.T.M. D-875-46T
Silica gela

Viscosity, (centistokes
at -40° F)
(centistokes at
lOOoF)

Brcminenumber
Reid vapor pressure

(lb/sq in.)
Bydrogen-carbon ratio
Beat of combustion

(Btu/lb)
Specific gravity

&Reference 1.

,

m-F-58 spe-
cification

---------w---

-------------

------m-m----

------------w

-------m--w--

------m------

---------N-m-

-------------

425(-n.)
6OO(mex.)
l*S(msx.)
l.S(msx.)

125
145
195
306
355
380
406
430
459
501
568
1.0
0.2

4 8 0
546
0.8
0.2

221
231
250
340

--w-m--
---m---

-76(rm.) -Z -76 (-76 ---m-w-

mmx.)

lO.O(max.~ 3.93 4.26 --w----

----------w-w

14.0(&x.)

5-7(maJc.)
-----------w-

18,2OU(min.) 18,630 18,480 18,635
------------- 0.786 0.794 0.706

An&QKl
AN-F-58

KACAfhelnumbe~

.6

100 102 106

150
174
234
286
322
360
390
412.

124
141
160
176
190
203

23 23 --m----
23 29 --w-w--

0.93 0.89 M--M---
4.0 --w-m- --s----

5.1 5.7 --w--o-
0.161 0.153 0.183

48-22.0



TABLE II - PERFORMARCB OF 3000.PODITD-THRUST  TURBOJET BN3IR'B WITR AN-F-58 FUEL

i1t1tuae mll

1 il

Jhglne speed
(St) (Fpml

umber,

I 
5,150
6,200
5,200
5,200

100
2:1,.
1 950

sI*1 ,900
lQ,950
lo.950
1g,950
u,950
19,Lml
18,830
18,760
lQ,Q50
18,750
1 9 , 7 5 0
20,600
19,800
20,200’
19,750
30,250
30,100
30,100
30,100

CorreotedReadRead Comeoted
0.25510.2551 10,48010,480 10,73610.736
.2551 11,632.2551 11,632 11;77a11,778
.2551 12,000.2551 12,000 12,24412,244
.2551 12,548.2551 12,548 12,79112,791
.6047.6047 10,52010,520 10,74010,740
.6047 11,640.6047 11,640 11,75811,758
.6072.6072 10,63610,636 11,36611,366
.6065.6065 11,44811,448 12,37812,378
.6072.6072 11,82011,820 12,90212,902
.6063 12,440.6063 12,440 13,45013,450
.2462 10,500.2462 10,500 11,26411,264
a2462 11,468a2462 11,468 12,33012,330
.2462.2462 11,96811,968 12,86712,967
.2462.2462 12,46812,468 13,43413,434
.8773 10,524.8773 10,524 11,63411,634
.a748.0?40 11,46011,460 12.62012,620
a706 11,Qtwl 8706 11,060 13,22313;223
.86QO 12,466.86QO 12,466 13,843
.88la 10,640.68l3 10,640 11,221
.8657.8657 11,58011,580 12,369
.6757 12,136.6757 12,136 12,98112,981
.86Q5.86Q5 12,60012,600 13,43913,439
,2442,2442 11,61611,616 13,03713,037
.2493.2493 12,01212,012 13,515
,249s 12,500,249s 12,500 14,081
,705Ol 7050 10.46810,468 11,894

. .

Bet thrust
(lb)

I
Read omotel Read 1 Corrected/  Read1 Corrected lead Corrected
ma
1861
2076
2259
1065
1542
717

1012
1157
1308

1%
1267
1361
666

1114
1348
1545
742

1125
1375
1566
1032
1072
1151

65(1

1624
2245
2506
2725
1285
1860
1570
2210
2646
2678
1976
2555
2759
2985
1446
2468
2933
3558
1644
2421
3025
3393
3526
3620
3807
2185

1377
1471
1503
1688
1233

1.4011 1.427 113Oi1
1.477 111721

.ml ,738
1.477 1172
1.4231.423 129s129s
1.4681.468 13621362
1.4471.447 14601460
1.3661.366 12661266
1.2751.275 13i613i6
1.289 1467
1.308 1574
1.722 1074

----...-- 1177
1.4611.461 i&J&1308
1.4501.450 13811381

i:Ei:E 1084 1247
1084
1247

1.3421.342 13481348
1.3371.337 14271427
1.3041.304 14131413
1.2-891.2-89 15201520
1.3321.332 16571657
1.4061.406 11161116

1350
1363
1514
1596
1707
1457
1.593
1686
1827
12Qo
1427
1584
1715
1247
1423
I.542
1623
1780
1924
2103
1441

.273 ,646

.370 ,074

.436 ..038
,486 ..157
.316 .744
.384 ,905
.422 .Qi%
.45Q 1.085
.291 ,693

.-.... -.--.-m-I
l 4Qe 1.191
.560 1.353
.352 .837
.414 .952
,479 1.128
.545 1.261
,333 1.276
.341 1.296
.378 1.438
.223 .a57

I I

Fuel flow
(lb/m)

BACA
fuel
nuaher

LB-210
48-210
48-210
m-210
48-210
48.210
48-206
m-206
46.206
48-206
48-206
46-206
48-206
48-206
48-210
48-210
48-210
40-210
48-210
48-210
48-210
48-210
48-206
42-206
48-206
48-206

.

. OLOT , I



I I I I

50,800
30,200
30,250
30,050
30,200
30,200
30,200
46p.M
46 ,wo
46,000
45,250
4$,260
44,860
43,950
46,200
46,200
4i3,200
44,500
60,300
4D,600
50,120
90,120
50,120
50,100
60,740
49,sOO
60,120

3.7148 11,604
.7130 11,920
.7092 12,480-T-.@520 10,536
l @560 11,606
.8560 11,970
.8660 12.420
.2227 lo;536
.2227 11,640
.2227 11,720
.6022 l.o,404
.6022 11,376
.SD6S L2,060
.5896 12,280
.8603 10,460
.Mo3 11,424
.6639 11,972
.6513 12,436
.a314 10,604
.2146 11,258
.7330 10,462
.740!3 11,660
.7359 11.988
,a367 1o;sse
.i?424 11,640
A269 12,Ol.2
.a359 12,310

13,120
13,663
14,342
11,854
12,878
13,484
13,991
11,928
13,086
13,?iOO
12,049
13,191
13,984
14,259
11,990
13,095
13,740
14,237
11,920
12,778
12,312
13,527
14,004
12,066
13,313

:2%#

899 3142
1024 3638
1124 3839
414 1404
845 2900
963 3270

1027 3524
617 4322
663 4649
640 4404
479 3364
687 4024
703 4812
741 4960
262 1778
691 3747

ri"
4516
4367

617 6460
6 6 6  4900
4 6 9  4le28
637 6607
635 6690
480 4210
618 5588
657 6801
676 6942

1.176 1.340
1.161 1.319
1.167 1,341
2.027 2.280
1.314 1.482
1.336 1.606
1.364 1.559

Ei 1*509. 1,616
1.522 1,676
1.770 2.060
1.322 1.633
1.396 1.609
1.325 1.538
2.349 2.693
1.273 1.459
1.217 1.397
I.*313 I..504
.969 1.089

----- ---------
1.276 1.502
Ll.62 1.360
1.240 1.461
1.278 1.470
1.213 1.399
1.231 1.416
1.246 1.434

allaxirrmm rotor aped limited bT aapaaitg of exhaunter ajntem.

1282 1668

:iii %i
1085 1375
1254 1596
1350 1713
1427 ml.1
1418 1617
1660 2120
16Q7 2126
1266 1664
1428 1920
1639 2204
1713 2309
1146 1504
1346 1767
1457 1919
I.689 2Oe3
1506 1939
1720 2216
1251 1736
1476 2020
1636 2240
1226 1622
1468 1954
I.571 2080
1676 222s

.es3
.328
.364
.233
.308
,354
.395
.227
.247
.247
.a36
.252
.271
,273
,164
.188
.216
.232
.164
,---m
.166
,206
.2I.B
.I70
.208

:E

1.169 48-206
1.297 48-206-T-1.430 48-206
.a90 48-206

1.193 48-206
1.387 48-206
1.526 48-206
1,806 48-206
1.959 48-206
1.962 48-206
1.916 4.9-206
2.064 48-206
a.lsa 4Ewc%
2.120 48-206
1.930 4l3-206
1.619 48-206
1.762 48-208
1.624 48-206
1.651 48-210

- - - -  48-210
1.723 M-210
2.116 46-210
2.252 48-210
1.71.9 48-210
2.171 48-210
2.208 48-210
2.368 48-210

.
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Fi@re 2. - General armlgmat or ttijet-e inetallatiml in altitude teat i3beabm.



(a) s?%anL spark
Plug.

T9t-L - m
,

I(b) Modlfled spark
MS.

ix&l-e 3. - ~@arkplugs ustdin starting.

. .

(c) Bztended-electrode
sparh~lug.
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t

l

.

AA&F-58
Cl Qaaoline

2 5 0 0  _

2 0 0 0

1 5 0 0

1 0 0 0

(a) Altitude, 5000 feet; flight Maah number, 0.

11,000 12,000 Ti.3,000 1 4 , 0 0 0
Corrected engine speed, rpm

(b) Altitude, 20,000 feet; flight Mach number, O-60.
Figure 4 . - Comparison of corrected net thrust for AN-F-58

fuel and gasoltne at various altitudes and flight Mach numbers.
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3500.3500.
Are1Are1

3m-3m-

25002500

20002000

15001500

10001000

500500

00
(c) Altitude, 20,000 feet; flight Mach number, 0.85.

10001000 "1"1
//

500500
9,0009.000I 10,00010.000r 11,00011.000 12,00012.000 13,00013.000

Corrected en&e speed;
14,00014,000

Correated engine speed, rpmrPm
(d) Altitude, 20,000 feet; ,fllght Mach number, 1.00.

gure 4. - Continued. Comparfaon  of corrected net thrucrt for AN-F-58
fuel and gasoline at various altitudes and flight MFah numbers.
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.
2 3

4 0 0 0

3 0 0 0

2 0 0 0

5 1000
i-
3.9
-P2 0 5 0 0

U G a s o l i n e

, I I t I I I I I I I I I

(e) Altitude, 35,000 feat; flight Mach ""be; 1.0.

9,000
Correated engine apeed, rpm

(f1 Altitude, 50,COO feet; fIQht Mauh number, 0.85.
Figure 4. - Concluded. Comparison of corrected net thrust for AN-F-58

fuel end gasoline at various altitudes and flight Maah numbers.
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--- 8
f
zit
3
tIM
&-4-l?
2
Tii.PtiEi?

1800

1 6 0 0

1 4 0 0

I . 2 0 0

1 8 0 0

1 6 0 0

1 4 0 0

I.200

l800

1 6 0 0

1 4 0 0

I . 2 0 0

1 0 0 0

1 6 0 0

1409

1 2 0 0

Loo0

8w

* A N - F - 5 8

(a) Altitude, 5000 feet; fli@t Mach number, 0.

(b) Altitude, 20,OUO feet; fli&t Mach number, 0.60.

.

(c) Altitude, 20,000 feet; f'li@xt Mach number, 0.85.

IY
-57

.-
9,000 10,000 11,000 12,ow 13,000 14,WO

Corrected engine speed, rpm
(d) Altitude, 20,000 feet; flight Mach number, 1.00.

Figure 6. - Comparison of oorrected tall-pipe gas temperature for AN-F-58
fuel and gasoline at,various altitudes and flight Mach numbers.

I
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2000

1800

g; 16Od-
0'
2 1400
al

Fuel

.-A- AN-F-58
--5- G6LSOltie

/- ----s
$
* 1000
“M (e) Altitude, 35,000 feet; flight Mach nlrmber, l&O.
$24001 I I I I I I I I I I I I

2 2200
s
ac$ 2000
0
E& 1800
8

1 0 , 0 0 0 11,000 12,000 13,000 14,000 15,000
Corrected engine speed, rpm

(f) Altitude, 50,000 feet; flight Mach nmber, 0.85.
Figure 5. - Concluded. Comparlrron of corrected tail-pipe gas tempera-

ture for AN-F-58 fuel end gasoline at various altitudes and flight
Maoh nmbera,
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- AN-F-58
- - -- Gasoline

(a) Altitude, 5000 feet; flight Haoh number, 0.

2.5 \,\.
-I'\,

\. .- -N
1 . 5 I

(b) Altitude, 20,000 feet; flight Mach nmber, 0.60.
4.6

2.5

1.51 I
9,000 10,000 11,000 IL2,ooo 13,000 14,000

Correoted engine speed, rpm
(0) Altitude, 20,000 feet; f'light Mach nmnber, 0.85.

Figure 6. - Comparison of correoted epecifio fuel consmption  based
on net thrust for AN-F-68 fuel and gasoline at various altitudes
and flight Mach numbers.
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2.5

Fuel

- A N - F - 5 8
---- Gasoline

2 (d) Altitude, 20,000 feet; flight Mach number, 1.00.

2.5

(e) Altitude, 35,000 feet; flight Mach nmber, 1.00.

2.5

1.5
9,000 1 0 , 0 0 0 1 1 ,  ooo 12,000 13,000 14,000 15,000

Corrected engine 8peed, rpm
(f) Altitude, 50,000 feet; flight Mach number, 0.85.

Figure 6. - Concluded. Comparison of corrected specific fuel con-
sumption based on net thruet for AN-F-58 fuel and gasoline at
various aStitudes and flight Mach nmbers.
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1

J

I

III I I I I I I

4 AN-F-58

801- I I I I I

(a) Altitude, 5000 feet; flight Mach nmber, 0.
~100

0
"0 90
c
2
8

80

s3 7o A/

j 60 /P
-SO

9,000 10,000 11,000 12,000 13,000 14,000
Corrected entine speed,mrpm -

(b) Altitude, 20,000 feet; flight Mach number, 0.60.
PiglAre 7. - Comparison of ccmbuatfon efficiency for AN-F-58 fuel and

gasoline at verioua altitude8 and flight Mach nmbera.
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Fuel

100 * AN-F-58
--m- Gasoline cy

/Y =
m fh 590.

80-

70 A

60

50
(c) Altitude, 20,000 feet; flight Mach number, 0.85.

110

80

60

9 ,000 10,000 11,000 12,000 13,000 14,000
Corrected engine apeed, rpm

(d] Altitude, 20,000 feet; fli&t Mach number, 1.00.
Figure 7. - Continued. Comparison of combustion efficiency for

AN-F-58 fuel and gasoline at various altitudea and flight Mach
numbers.
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F u e l

90. -6- AN-F-58

(e) Altftude, 35,000 feet; flight Mach number, 1.00.
9

I- I n
/’

/-
80 ,,D//

0
70

60

50

40.
9,000 10,000 1 1 , 0 0 0 12,000 13,000 14,000 15,000

Corrected engine speed, rpm
(f) Altitude, 50,000 feet; fli&t Mach nmber, 0.85.

Figure 7. - Concluded. Comparlaon of combuatlon efficiency for
AN-F-58 fuel and gasoline at various altitudes and flight Mach
numbera.

.
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Engine epeed, rpm
Figure 8. - Low engine-speed blow-out limits for AN-F-58 Fuel and

gasoline.
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t--rtttI I I

000.

40,000

50,

I I I
I

0 Satisfactory start

+I 1 ;i%%~%$::: ~;o..ible+--1

pARegion of UnSatiSfaCtOrg
I

0 .2 .4 .6 .8 1.0
Flight Mach number

(a) Fuel, AN-F-58; standard spark plug; plug cleaned
for every run.

Figure 9. - Windmilling-starting characteristics.

.
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s

50,000' I\,
0 Satisfactory start
U Burner ignited but

acceleration impossibls
No ianition

20,ooC

m.\I\W 1 I I I
1o.oooESI---- YI l--J-J

A

0
0 .2 .4 .6

Flight Mach number
(b) Fuel, M-F-58; extended-electrode

spark plug; plug not cleaned
between runs.

Figure 9. - Continued. Windmilling-starting characteristica.



-^^“--L N A C A  R M  N o .  E8LlOa

0 Satiafactcry  start
A Burner ignited but

acceleration impoesible
0 Ho ignition

0 .2 .4 .6 . a 1.0 1.2
Flight Mach number

(c) FLU&L, gasoline; standard spark plug; daehed line fron;
figure 9(b).

Figure 9. - Concluded. Windmilling-starting  characteristics.
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0 1 t: i3 4
Dlstmoe norosa turbine armha, in.

(4 fititude, m,ooO feet; en&l9 speed, appcdmately l&W5 rlpm.
Figure 10. - Radial teunperature  distribution at turblns outlet for AR-F-E-R fuel and grsolime.
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I

0

+A%F-58
-a-- Gaaolhe

1 2 3
Matance aaro~a turbine atuniLua, in.

(71) Altl tude, 50,000 feet; englm speed, approximately 12,050 rpm. .
Figure 10. - Concluded. Radkl temperature diatributlon  at turbine outlet for AH-F-58 fiuel

and gaaollne. FILL&t Machnmber, 0.25.
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